To evaluate the clinicohematologic variables at diagnosis that are prognostically related to neoplastic progression in patients with immunoglobulin M (IgM) monoclonal gammopathies of undetermined significance (MGUS), and indolent Waldenström's macroglobulinemia (IWM), and propose a scoring system to identify subsets of patients at different risk.
INTRODUCTION
The presence of a serum immunoglobulin M (IgM) monoclonal component (MC) is associated with a spectrum of lymphoid disorders including monoclonal gammopathies of undetermined significance (MGUS), lymphoplasmacytic lymphoma/Waldenström's macroglobulinemia (WM), B-cell non-Hodgkin's lymphomas (NHL; mainly low-grade histotypes), rare forms of IgM multiple myeloma/plasmacytoma (MM) and IgM-related disorders (IgM-RDs). 1, 2 IgM-RDs are conditions with symptoms that are mainly related to the specific anticorpal properties of MC (eg, anti-RBC, antiplatelet, antineural, and cryoglobulnemic activity). Because of their particular clinical presentations, these forms are often excluded from hematologic studies analyzing macroglobulinemias, but they are similar to IgM MGUS in terms of the absence of an underlying lymphoma and, as recently shown by Morra et al, 3 a similar probability of transformation into a lymphoid malignancy. The most prevalent of the conditions whose main feature at presentation is the presence of serum MC are IgM MGUS and WM in its indolent or asymptomatic form. There is no clear consensus concerning their diagnostic criteria or the features at diagnosis that are prognostically related to progression to treatment-requiring disease. In accordance with the Second International Workshop on WM, WM is diagnosed when IgM MC (at whatever concentration) accompanies a bone marrow lymphoplasmacytic lymphoma. 4 Other updated reviews of monoclonal gammopathy suggest more definite criteria based on serum MC levels and the degree of bone marrow infiltration. [5] [6] [7] Taking these proposals into account, we analyzed a large series of patients with IgM MGUS or indolent/asymptomatic WM (IWM) in order to verify whether the two diseases actually have distinct clinical courses, and to define the variables at diagnosis that are related to a neoplastic evolution requiring chemotherapy. We show that IgM MGUS and IWM seem to be different in terms of overall survival and the probability of neoplastic transformation, and that they both have the same determinants related to evolution. On the basis of these findings, we devised a scoring system to identify subsets of patients affected by asymptomatic macroglobulinemias (AM; IgM MGUS ϩ IWM) at different risks of evolution. Better than the classification into IgM MGUS and IWM, which seems to be valid in defining the presence or absence of a lymphoma, this approach could offer a more precise definition of the risk of progression to a symptomatic and treatmentrequiring pathology.
PATIENTS AND METHODS

Patients
The study involved 418 patients with AM, and a minimum follow-up of 1 year who were diagnosed and followed up from June 1978, to January 2003, in 10 Italian institutions belonging to the Italian Lymphoma Study Group (Gruppo Italiano Studio Linfom [GISL]), in the Clinical Hematology Service of Hématologie Clinique, Hôpital Schaffner (Lens, France: 39 patients), in the Division of Hematology, Ospedale Maggiore (Bergamo, Italy: 101 patients), and in the Division of Hematology, Ospedale Niguarda (Cà Granda, Milan, Italy: 48 patients). The patients were subdivided into 217 with IgM MGUS and 201 with IWM according to previously reported criteria. [5] [6] [7] The cutoff values were serum IgM MC levels (Ͻ 3 or Ն 3 g/dL) and/or the presence of more or less than 10% bone marrow infiltration by small lymphocytes showing plamacytoid/plasma cell differentiation, in absence of symptoms or related organ or tissue treatment-requiring impairment (ie, symptomatic cytopenia(s), and/or "B" symptoms and/or the progressive involvement of lymphopoietic organs and/or symptoms attributable to MC such as hyperviscosity syndrome, cryoglobulinemia, amyloidosis, or peripheral neuropathy). IgM MGUS was diagnosed when serum MC and bone marrow infiltration were less than 3 g/dL and 10%, respectively; IWM was diagnosed when serum MC was Ն 3 g/dL or bone marrow infiltration was Ն 10%. In our series, a serum MC level Ն 3 g/dL was detected in only 14 patients. Patients with IgM-producing MM, low grade B-cell NHL (other than the lymphoplasmacytic type), NHL in leukemic phase (clonal lymphocytes Ն 5.0 ϫ 10 9 /L), heavy chain disease, amyloidosis, and cases associated with hepatitis C virus (HCV) -related cryoglobulinemia or autoimmune-related macrogobulinemias (IgM-related disorders) were also excluded. Neoplastic evolution was defined as the appearance of clinical manifestations of WM or NHL, requiring treatment because of progressive marrow failure with development or worsening of anemia (Hb Ͻ 2 g/dL below the lower normal limit or Ͻ 10 g/dL) and/or thrombocytopenia (PLT Ͻ 100 ϫ 10 9 /L) and/or the presence of a serum MC Ն 5 g/dL and/or a MC increase greater than 50% in less than 6 months, with the MC reaching at least a value of 3 g/dL and/or the appearance of a lymphoid leukemic phase with a lymphocyte doubling time of less than 6 months and/or B symptoms and/or progressive splenomegaly and/or lymphadenopathy and/or symptoms attributable to MC (hyperviscosity syndrome, cryoglobulinemia, amyloidosis, or peripheral neuropathy).
Laboratory and Clinical Studies
In addition to routine laboratory tests (including the evaluation of serum lactate dehydrogenase and ␤2 microglobulin levels and HCV antibody status), the type of M protein was defined by means of immunofixation, and quantified using serum protein electrophoresis and nephelometry. Serum polyclonal immunoglobulins were measured by means of nephelometry, and light chain proteinuria by means of cellulose acetate or gel-based electrophoresis. Under our conditions, the lowest detectable level of Bence-Jones proteinuria was 200 mg/L. Unless otherwise required because of the appearance of symptoms or hematologic signs of progression, the routine laboratory tests and serum and urinary MC evaluations were performed three times a year for the first 2 years, and then every 6 months. A bone marrow aspirate was obtained at diagnosis from all of the patients; bone marrow biopsy was performed in 192 patients in different disease phases. Chest x-rays and abdominal ultrasonograms were taken every 12 to 24 months.
Statistical Methods
We comparatively evaluated the prognostic value of a series of clinical and laboratory parameters recorded at the time of the diagnosis of IgM MC in the two-patient subsets in relation to the clinical evolution of the disorder.
The main prognostic outcome was the time to evolution (TTE) to symptomatic lymphoproliferative disease, and was calculated from the date of diagnosis to that of clinical evolution. In addition to the basic epidemiological and clinical parameters, overall survival (OS; from the date of diagnosis to the date of death due to any cause or the date of the last clinical examination) was also taken into account in order to check the ultimate fate of the two patient populations. The TTE and OS curves were both calculated using the method of Kaplan and Meier. 8 All of the clinical characteristics recorded at diagnosis were studied in relation to TTE in order to measure their ability to predict clinical evolution. To this end, a series of univariate regression analyses were first applied to the proportional hazards model to both groups of patients in order to assess the clinical variables related to TTE (P Ͻ .05 was considered statistically significant). 9 Subsequently, the selected variables were multivariately investigated in the same Cox model in order to obtain a hierarchical order using a stepwise technique 10 to choose the best covariates independently related to TTE. By accounting the individual relative hazards of each covariate, their coefficients, the distribution of their values (continuous or discrete, such as sex), and of the limits of their variability (as imposed by the diagnostic criteria of MC), a scoring system was devised to allow the simplest management of the essential clinical information. Finally, the scoring model was checked and validated in relation to TTE in both groups of patients.
RESULTS
The main demographic and hematological characteristics of IgM MGUS (217 patients) and IWM (201 patients) at diagnosis are presented in Table 1 . The patients' clinicohematologic features were not different except for the clinical parameters involved in their diagnostic discrimination (the percentage of bone marrow infiltration and, partially, serum MC concentration). After a median follow-up of 56.1 months (range, 12 to 242 months), corresponding to 1,176.8 person-years, 15 of the 217 patients with MGUS (6.9%) required chemotherapy: 13 for symptomatic WM (five cases of anemia; one of B symptoms; one of splenomegaly; and six involving variable combinations of anemia, increased MC, macroglobulinemic purpura, B symptoms, and splenomegaly) and two for NHL (lymphoplasmacytic type). After a median follow-up of 60.2 months (range, 12 to 228 months) corresponding to 1,204.5 person-years, 45 (22.4%) of the 201, patients with IWM required chemotherapy: 34 for symptomatic WM (11 cases of anemia, four of B symptoms, six of increased MC levels, one of macroglobulinemic purpura, and 12 involving more than one of these with or without splenomegaly), eight for NHL (four lymphoplamacytic, two diffuse large B-cell, one follicular, and one bronchial MALT lymphoma), and three for amyloidosis. Figure 1A shows that OS was rather different in MGUS and IWM: median survival was not reached in either group, but there were respectively 91.8% and 73.5% 10-and 15-year survivors in the former group, and 80.9% and 62.1% in the latter. Figure 1B shows that TTE at 10 and 15 years was respectively 85.5% and 75.1% among the MGUS patients, and 66.0% and 38.3% among the IWM patients.
The univariate analyses of the prognostic factors related to evolution in the two groups are shown in Table 2 : the features that individually correlated with an evolution to symptomatic disease (P Յ .05) were male sex, the densitometric serum MC value and hemoglobin concentration in the MGUS patients, and the same plus the nephelometric serum IgA value and (with a borderline level of statistical significance) the percentage of bone marrow infiltration in the IWM patients.
Cox's multivariate analysis was used to evaluate the prognostic role of the variables emerging from the univariate study, and a stepwise technique selected the statistically best covariates independently related to TTE. Interestingly, as shown in Table 3 , the variables adversely related to evolution remained the same in both groups: male sex, densitometric serum MC concentration and hemoglobin level. Males with MGUS and IWM, respectively, had a 4.182 and 2.061 relative risk of evolution in comparison with females, which is a small variation considering that sex was treated as a nominal covariate. In relation to the other covariates, any unit decrease in serum hemoglobin multiplied the risk of evolution by a very similar factor (0.725 in MGUS patients and 0.685 in IWM patients), whereas densitometric serum MC concentration had rather different prognostic power in the two groups (an increase of 1 g/dL in serum MC was associated with a relative risk of 3.995 in MGUS and 1.340 in IWM), although the distribution in the groups may not be considered free because a serum level of Ն 3 g/dL by definition allocated patients to the IWM group (Table 3) .
On the basis of their common prognostic determinants of evolution and the similar individual relative hazards shown by at least two thirds of the significant covariates, we tried to devise a common scoring system for both clinical entities using the three significant factors they shared. In order to simplify its clinical use, cutoff levels of the quantitative variables were chosen to allow the best and simplest discrimination of patients at different risk of evolution. The scoring system is shown in Table 4 . The application of the system seems to divide the 217 MGUS and the 201 IWM patients into three risk groups (low, 0 to 2; intermediate, 3 to 5; and high, 6 to 9), which were associated with highly significant differences in TTE (Fig 2) . The prognostic discrimination was very satisfactory in both groups despite the small number of events in the MGUS group, and there was a remarkably unbalanced prevalence of patients with unfavourable scores (Ն 6, group 3): 14% in the MGUS group and 34% in the IWM group.
DISCUSSION
As recently codified in the Second International Workshop on Waldenström's Macroglobulinemia (held in Athens, Greece, in September 2002), IgM monoclonal gammopathies essentially consist of four clinical entities: IgM MGUS, IgM RDs, IWM, and symptomatic/treatment-requiring WM. 4 When analyzing the asymptomatic forms, one particularly important aspect is to identify at diagnosis the variables capable of predicting different risks of their evolution to symptomatic WM. This is important not only in terms of prognosis communications with patients, but also in terms of follow-up planning. Kyle et al 7 found that the relative risk of progression to lymphoma or a related disorder was 16-fold higher in IgM MGUS patients than in the general population, and that it was correlated with initial serum MC and albumin levels. In a series of patients with generically defined asymptomatic macroglobulinemias, Morra et al found that serum IgM levels, hemoglobin concentrations, and the presence of absolute lymphocytosis independently predicted a malignant evolution, 11 and the same authors found that only MC levels of more than 3 g/dL and hemoglobin levels of Յ 12.5 g/dL adversely correlated with progression to symptomatic disease in 27 cases of smouldering WM.
12 When evaluating the frequency and natural history of IWM cases, Alexanian et al found that hemoglobin and ␤2 microglobulin levels correlated with early progression to symptomatic WM. 13 Morra et al recently evaluated the prognostic features of two groups of patients affected by asymptomatic macroglobulinemias or IgM RDs, and concluded that although these forms are distinct clinical entities, they have a similar probability of transformation into lymphoid malignancy, and that hemoglobin levels and the erythrocyte sedimentation rate at diagnosis were of major statistical importance. 3 In our study, we evaluated the prevalence of symptomatic neoplastic evolution in a large series of patients with asymptomatic macroglobulinemias divided into IgM MGUS and IWM forms on the basis of serum MC level and lymphoplasmacytic marrow infiltration, according to the previously reported criteria, [5] [6] [7] and identified the features at diagnosis that are related to clinical progression. On the basis of OS and TTE, the two groups of patients were clearly distinct, thus confirming that the adopted diagnostic criteria seem to be useful and easily applicable. Patients with MGUS can therefore be reassured that they are not affected by an overt neoplastic disease, even though they need a specific clinical and laboratory examination.
It is interesting that both groups showed identical set of features at diagnosis that are prognostically related to a malignant and treatment-requiring evolution: sex, densitometric serum MC levels and hemoglobin concentrations. Being male had a negative prognostic impact: the males in both groups had an average three-fold higher relative risk of evolution in comparison with females, as result of the expected variability related to its nominal character observed in IgM MGUS group, and in the IWM one. Similarly, by integrating the coefficients and relative hazards obtained by multivariate analysis and the different variability of MC concentrations in MGUS and IWM, every 0.7 g/dL increase in serum MC doubled the mean risk of evolution in both groups. It was calculated in the same manner that every 2 g/dL decrease in hemoglobin doubled the risk of evolution.
These results partially confirm the observations of other authors, 7, 12, 13 particularly in terms of the prognostic role of hemoglobin and serum MC concentrations. The highly negative prognostic impact of male sex on disease evolution has been previously described, but only in studies evaluating adverse prognostic variables for survival in patients with symptomatic macroglobulinemia.
14,15 Serum ␤2 microglobulin levels did not seem to predict disease evolution in our series, although their values at diagnosis were available in only half of the cases. However, a negative association between high serum ␤2 microglobulin levels and worse survival has been documented in a series of symptomatic patients, and the same authors found that 57 concurrently evaluated cases with hemoglobin levels of Ն 12 g/dL and serum ␤2 microglobulin levels of less than 3 mg/L had an excellent prognosis and a low probability 16 Morra et al 11 did not report any significant effect of ␤2 microglobulin levels on disease progression. In relation to our series, ␤2 microglobulin levels were evaluated in a subset of 214 patients, and were increased in 52 (24.3%), including eight of 60 evolving cases for whom levels at diagnosis were available (three of 15 in the MGUS and five of 45 in the IWM group). This relatively small number of cases does not allow us to draw any conclusions, although it can be hypothesized that serum ␤2 microglobulin may be a more useful prognostic marker in symptomatic than asymptomatic cases, as it is also supported by the relatively low frequency of increased levels in our series.
The similarity of the prognostic features (related with symptomatic evolution) in the two groups suggested the possibility of devising a single prognostic scoring system useful for all asymptomatic macroglobulinemias because the different evolutionary rate observed in MGUS and IWM could be largely explained by the different prevalence of patients with unfavourable evolution-related prognostic factors within the groups. From this point of view, a simple prognostic scoring system may be a useful and complementary way of better defining clinical conditions with a different tumor burden whose diagnostic definition is still debated. 1, 2, 4, 14, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] The Atene Workshop on WM was also unable to propose clear and reproducible diagnostic criteria for macroglobulinemias, particularly in the case of borderline situations that may be considered different clinical presentations of the same spectrum of lymphoid disorders. Taking this into account, we developed a simple prognostic scoring system that made it possible to divide the whole series into three groups at low (score, 0 to 2), intermediate (score, 3 to 5), or high risk of malignant progression (score, 6 to 9) on the basis of their significantly different TTE. The observation that the patients destined to evolve were more frequent in IWM group than in the MGUS one, and that the evolution-related variables were the same for both groups, suggests that these two subsets of macroglobulinemia may belong to a continuum of nosological entities probably mainly characterized by the absence of symptoms.
The well-established categorization of IgM MGUS and IWM helps physicians in their general approach to patients and in communicating clinical information (there is or is not an underlying overt lymphoma), but the proposed prognostic scoring system could provide additional information about the risk of evolution, and the application of a combined approach could be a more personalized means of simplifying patient management (eg, making it possible to differentiate follow-up clinical examinations on the basis of the individual risk of evolution and select the patients who may benefit from the early administration of new drugs). In other words, we tried to make up for the lack of exhaustive diagnostic criteria by means of an approach capable of predicting different risks of progression to a symptomatic lymphoid disorder that is considered a pivotal phase in the clinical course.
In conclusion, we suggest that the first step in approaching clonal macroglobulinemias is to identify the presence or otherwise of treatment-requiring symptoms; in the case of asymptomatic forms, we confirm the usefulness of the well-established categories of MGUS and WM (in an indolent phase) in identifying an overt lymphoproliferative disorder. In addition to establishing the features at diagnosis related to malignant progression in the two diseases, we propose a practical clinical scoring system capable of identifying conditions at different risk of malignant evolution that may require an individualized clinical approach.
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